Obesity is a predictor for various diseases, especially for non-communicable diseases. Obesity impacts large economic burden for patient, healthcare system and the government. This study aims to review the economic impact of obesity worldwide, in terms of direct and indirect costs component of obesity. A systematic review was performed on PubMed, Science Direct and Google Scholar databases during the period 2008-2018. A combination key terms such as "obesity", "overweight and obesity", "weight excess", "economic burden", "financial burden", "cost", "cost of illness", "direct cost", "healthcare cost", "indirect cost", "productivity loss cost", and "adult" were used for the search. Relevant original articles published in English and reported both direct and indirect cost of obesity were included in the study. A total of 61 studies were retrieved, then 8 studies were finally selected that met all eligibility criteria which reported both direct and indirect cost of obesity in developing and developed countries. Almost all of studies reported that indirect costs have more proportion than direct costs. The economic burden of obesity was estimated to 0.13-0.22% of Gross Domestic Product (GDP) and 1.5-5.6% of health expenditures. Our review indicated that the direct and indirect cost of obesity has a significant impact to healthcare system and the country. Some health programs and policies are required and should be implemented as soon as possible to reduce the economic impact of obesity.
Introduction
Obesity is a risk factor leading to many chronic diseases such as cardiovascular diseases, diabetes type 2, and various types of cancer (Pi-Sunyer, 2009 ). To date, obesity is not only a health problem increasing in developed countries, but also in developing countries (Bhurosy & Jeewon, 2014) . The WHO report (World Health Organization, 2017) stated that by 2016, exceed than 1.9 billion (39%) of adults are overweight and more than 650 million (13%) are obese. World Obesity Federation (World Obesity Federation, 2015) projected that by 2015, there are 2.7 billion general population worldwide will be obese.
Obesity will continues increase as a result of globalization. Globalization impacts in lifestyle changes that lead to energy imbalance between calories consumed with calories spent (Costa-Font & Mas, 2016) . If obesity continues to rise, obesity will has a significant impact on healthcare costs in the future (Erixon, 2017) . Therefore, the increased incidence of obesity will exacerbate the disease burden and economic burden (Rtveladze et al., 2013) . that discusses the costs of both direct and indirect costs with the data collection of the 1990s or just one region only (Withrow & Alter, 2011) . This study aims to show the latest direct and indirect cost of obesity that provide new evidence to make obesity control.
Methods
A systematic review was conducted to assess direct and indirect cost of obesity. There were 3 main steps to formulate the result studies; first we identify and select related research about our topic. Second, we assess the retrieved research that met all eligibility criteria. We made the review and data extraction for each study at the final step.
Study Identification
PubMed, Science Direct and Google Scholar were initially searched in April, 2018. A literature search for published articles were limited in English language to select studies that calculating direct and indirect cost of obesity in a study population. The period of time for the analysis was 2008 to 2018. Key terms used were as follows: "obesity" OR "overweight and obesity" OR "weight excess" AND "economic burden" OR "financial burden" OR "cost" OR "cost of illness" AND "direct cost" OR "healthcare cost" AND "indirect cost" OR "productivity loss cost" AND "adult". Inclusion and exclusion criteria were shown in Table 1 . 
Study Retrieved Process
A total of 61 studies were initially retrieved. After further tracking references from the retrieved studies, only 8 studies were finally selected that met all eligibility criteria. The other 53 studies were excluded due to the full-text cannot be accessed, not mentioning both direct and indirect cost or unclear cost items and duplicate topic of the articles. The PRISMA diagram of retrieved studies was shown in Figure 1 . 
Data Extraction
Data were independently extracted by 2 researchers. Data extraction form contained the information on the methodology, the description of cost components of each study, and obesity related diseases as a focus of study. Non-agreement on the extracted data was resolved by discussion among the authors.
Study Quality Assessment
The study quality is done by two authors using a subjective 10-point quality scale in addition to the 100-point Quality of Health Economic Studies (QHES) questionnaire.
Results

Literature Search
A total of 61 articles were retrieved from the combined searches from PubMed, Science Direct and Google Scholar. Title and abstract of the 61 identified articles were independently assessed by the two authors. Based on title and abstract, 7 articles were ineligible to be reviewed. The abstract of the remaining studies, 39 articles were excluded for many reasons such as articles were not available in fulltext, only mentioned either direct or indirect cost, a review articles, letters and comments, also projected cost of obesity. Futhermore, there were 7 duplicated articles so finally 8 articles were included in the review. The included studies were conducted in 5 countries. Three studies were conducted in Germany (Effertz, Engel, Verheyen, & Linder, 2016; Konnopka, Bödemann, & König, 2011; Lehnert, Streltchenia, Konnopka, Riedel-Heller, & König, 2015) , two studies were conducted in Canada (Dee et al., 2015; Moffatt et al., 2011) , and the remaining studies were conducted in Korea (Kang, Jeong, Cho, Song, & Kim, 2011) , New Zealand (Lal, Moodie, Ashton, Siahpush, & Swinburn, 2012) and Thailand (Pitayatienanan et al., 2014) . 
Study Perspective
Most of studies used societal perspective to measure economic burden of obesity both direct cost and indirect cost. Only one study used third-party payer that was in Germany (Effertz et al., 2016) . Cost included in cost of illness from societal perspective are medical cost, morbidity cost, mortality cost and transportation or non-medical costs while The German public health insurance system assessed health, unemployment cost, retirement, accidents and nursing care.
Study Methodology
Approaches of cost of illness studies in terms cost of obesity were varied. There were prevalence and incidence-based, top-down and bottom-up, human-capital and friction cost approach to calculate direct cost and indirect. From the included studies, there were 4 studies using prevalence-based (Kang et al., 2011; Lal et al., 2012; Moffatt et al., 2011; Pitayatienanan et al., 2014) , 1 study using incidence-based (Moffatt et al., 2011) , 3 studies using top-down approach (Dee et al., 2015; Konnopka et al., 2011; Lal et al., 2012) , 3 studies using bottom-up approach (Dee et al., 2015; Effertz et al., 2016; Lal et al., 2012) , 4 studies using human capital approach (Konnopka et al., 2011; Lehnert et al., 2015; Moffatt et al., 2011; Pitayatienanan et al., 2014) and 1 study using friction cost approach (Lehnert et al., 2015) .
The prevelence and incidence-based approach were classified based on the prespective in which the epidemiological data used. Prevalence-based approach estimated the sum of total cases of death and hospitalization attributable to disease in a given year period and then estimate the costs that derived from those deaths or hospitalization while incidence-based approach estimated the sum of new cases of death or hospitalization in a year timeframe and apply a lifetime cost to these new cases estimated (Jo, 2014) .
The top-down or population-based known as the epidemiological or attributable risk method. This approach using aggregated data along with a risk-attributable fraction (RAF). While, bottom-up approach can be stratified into two steps. The first step was to measure and quantify the input parameters employed and the second step was to estimate the unit costs of the inputs used to generate and confer specific medical and health care services. The total costs derived from the multiplication of unit costs by the quantities used (Jo, 2014) .
The last approaches in cost of illness studies were human capital and friction approach. Human capital approach was proposed to estimate the value of the present value of his or her future earnings under the assumption that we used future earnings as a proxy for future productivity, although in many cases the future earnings did not accurately reflect future productivity. While, the friction cost approach estimated the value of loss of productivity from the unemployment replaced the present value of a worker's future earnings until the sick person return or was finally replaced.
We included 8 studies in this review with detailed characteristics of these studies are presented in Table 2 . 
Direct and Indirect Cost Components
After reviewed done, there were some substantial heterogeneity in the direct and indirect cost of obesity. First, there was variation items used to determine both direct and indirect cost showed in Table 3 . The most dominated item of direct cost was healthcare cost, meanwhile for the indirect cost was premature mortality cost. Lal, 2012 (Lal et al., 2012 Hospital costs (inpatient and outpatient), allied health professionals costs, general practitioner visits, residential/aged care, pharmaceuticals and laboratory tests Permanent absences due to premature death, training and recruitment costs, short-term absenteeism due to illness Lehnert, 2015 (Lehnert et al., 2015 Inpatient and outpatient treatment, rehabilitation, as well as for health protection, ambulance, administration, research and education, investments, and other facilities loss of productivity from paid and unpaid work due to sickness absence, early retirement, and mortality Moffat, 2011 (Moffatt et al., 2011) Hospital care, drugs, physician care, instutional care, additional cost Short and long-term disability, premature mortality Pitayatienanan, 2014 (Pitayatienanan et al., 2014) Healthcare cost (Inpatient and outpatient services) Productivity loss due to premature mortality, hospital-related absenteeism
The value of direct cost
The direct cost of study conducted in Ireland was US$ 646 million for Republic of Ireland and North Ireland (Dee et al., 2015) . There were three studies conducted in Germany with annual direct costs was approximately US$ 33,647 million (Effertz et al., 2016) , US$ 5,557 million corresponding to 2.1% of the overall German health expenditures in 2002 (Konnopka et al., 2011) and US$ 9,899 million corresponding to 3.27% of total German health care expenditures in 2008 (Lehnert et al., 2015) . Meanwhile, direct cost of obesity in Korea was estimated approximately US$ 1,081 million (men: US$ 497 million, women: US$ 584 million) (Kang et al., 2011) . Study in New Zealand showed that health care costs attributable to overweight and obesity were estimated to be US$ 414 million or 4.4% of New Zealand's total health care expenditure in 2006 (Lal et al., 2012) . In Alberta from Moffat study showed that the direct cost of excess weight was US$ 481 million (Moffatt et al., 2011) . The last study conducted in Thailand showed that the health care cost attributable to obesity was estimated at US$ 168 million or 1.5% of national health expenditure (Pitayatienanan et al., 2014) .
The value of indirect cost
Dee study reported that productivity loss due to obesity was up to US$ 1,373 million for Republic of Ireland and North Ireland (Dee et al., 2015) . Next, there were the indirect cost of study conducted in Germany was US$ 38,524 million (Effertz et al., 2016) , US$ 5,746 million (Konnopka et al., 2011) , and US$ 9,330 million (Lehnert et al., 2015) . Meanwhile, indirect cost of obesity in Korea was estimated at approximately US$ 706 million (men: US$ 527 million, women: US$ 178 million). The study in New Zealand showed that the costs of lost productivity using the FCA were estimated to be US$ 65 million and US$ 149 million using the HCA (Lal et al., 2012) . Indirect cost in Alberta was amount up to US$ 492 million (Moffatt et al., 2011) . Lastly, study in Thailand mentioned cost gjhs.ccsenet.org Global Journal of Health Science Vol. 10, No. 9; 2018 of productivity loss, the cost of hospital-related absenteeism and the cost of premature mortality attributable to obesity was estimated at US$ 395 million whereas the cost of productivity loss accounting for 54% of the total cost of obesity (Pitayatienanan et al., 2014) .
The heterogeneity of included studies
First, in the included studies, they mentioned the cost of obesity using their country currency. Four studies using Euro unit (Dee et al., 2015; Effertz et al., 2016; Konnopka et al., 2011; Lehnert et al., 2015) , three studies using Dollar unit both American dollars (Kang et al., 2011) , Canada (Moffatt et al., 2011) and New Zealand (Lal et al., 2012) and the other study using Baht unit (Pitayatienanan et al., 2014) . Here, the researcher converted to United States Dollar in year 2018 to gain the clear value of cost.
The next heterogeneity was also shown for the discounting rate. The different discounting rate used in the included studies. There were studies using 0% (Konnopka et al., 2011) , 2% (Effertz et al., 2016) , 3% (Konnopka et al., 2011) , 4% (Dee et al., 2015) , 5% (Lehnert et al., 2015) , 6% (Kang et al., 2011) and 10% (Konnopka et al., 2011) . Also there were studies did not mention about the discounted rate (Lal et al., 2012; Moffatt et al., 2011) .
Obesity-related diseases
Various obesity-related diseases mentioned in the included studies. Futher gathered information about it listed in Table 4 . Diabetes mellitus included in all of 8 studies. Additionally, colon cancer, hypertension and coronary heart disease were the disease included in almost all studies except one study. Therefore, diabetes mellitus, hypertension, colon cancer and coronary heart disease were the most commonly considered co-morbidities of obesity. Table 4 . Obesity-related disease in each studies Disease Dee (Dee et al., 2015) Effertz (Effertz et al., 2016) Kang (Kang et al., 2011) Konnopka (Konnopka et al., 2011) Lal (Lal et al., 2012) Lehnert (Lehnert et al., 2015) Moffat ( 
Discussion
Obesity is a serious health problem in 21 st century (Afzal, 2017) which always increasing around the world both developed and developing country (Abelson & Kennedy, 2004) . The basic cause of obesity is an energy imbalance between calories consumed and calories expended. It happens if someone often consuming unhealthy diets and less physical activity and those drive the rising of non communicable disease (NCD) including heart disease, stroke, cancer, diabetes and chronic lung disease, are collectively responsible for almost 70% of all deaths worldwide (World Health Organization, 2017) . Besides that, economic burden of obesity predicted reach 1.2 trillion in 2025 (World Obesity Federation, 2015) .
Cost of obesity including direct cost and indirect cost. In schizoprenia case, indirect cost up to three till four times of direct cost (Tajima-Pozo, de Castro Oller, Lewczuk, & Montañes-Rada, 2015) . In this review, 5 studies showed indirect cost of obesity also greater than direct cost up to twice. The major item effect to indirect cost is cost of premature mortality. Obesity is a condition that plays a role in premature mortality incidence (Council & Population, 2015) . Burden of premature mortality incidence can be calculated by YLL (years of life lost due to premature death) (World Health Organization, 2018a) and YLL is known contribute approximately 70% of DALY calculation (Murthy, Nandakumar, Pruthvish, George, & Mathew, 2010) . Fontaine study (2003) (Fontaine, Redden, Wang, Westfall, & Allison, 2003) conclude that obesity linked to premature mortality. Obesity known has big impact to life span and younger age is very risky run into this. The Global BMI Mortality Collaboration (2016) (Di Angelantonio E et al., 2016) also stated that obesity associated with incresing risk of premature mortality. The risk of premature mortality before age 70 years is about three times in obese people.
Based on the review, cardiovascular diseases, endocrinological diseases and cancer diseases are the most type obesity-related diseases. All of the obesity-related diseases are non-communicable diseases (NCDs) and chronic incidence, so we have to pay attention with obesity. WHO reported NCD contribute around 70% of all deaths worldwide and 82% of them occur in low and middle income countries (World Health Organization, 2018b).
Due to big burden of obesity, we need many efforts to tackle obesity. Public health strategies in societal level with multisector approach known an effective effort for the prevention of obesity and has been advocated in recent years (Chan & Woo, 2010; World Obesity Federation, 2015) . For example, taxing sugar beverage and junk food to reduce people consuming unhealthy diet and creating a pedestrian friendly park and providing sports equipment to increase physical activity (Chan & Woo, 2010) . There is also evidence that positive changes in food habits and physical activity could contribute to preventing the problem of obesity (Aranceta, Moreno, Moya, & Anadón, 2009 ). As the last choice after taking behavioral efforts, seeking medical help is an essential step because it helps to reduce morbidity and mortality rates among obese individuals (Maria & Evagelia, 2009 ).
There were several limitations need to be considered in interpreting the findings of this review. The result study may different and vary across regions because it depends on particular disease/s issues of each country, so the health funding and allocation may also different. Research including in this study was limited to several region hoping it gave an overview of obesity related cost for other countriess. We suggest for further research on cost of obesity conduct in the other countries to find out the approriate economic expenditure towards disease priority related to obesity in their country. Thus, the appropriate public health strategies may also reduce the cost of obesity significantly worldwide.
Conclusions
Our review indicated that the direct and indirect cost of obesity has a significant impact to healthcare system and the country. Some health programs and policies are required and should be implemented as soon as possible to reduce the economic impact of obesity.
